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(54) DISPLAY DEVICE AND MANUFACTURING METHOD THEREOF
(57) A display device includes: a substrate; a first trode disposed on the intermediate film, where an open-

semiconductor layer disposed on the substrate, where
the first semiconductor layer includes a channel region
and a doped region; a first gate electrode disposed to
overlap the channel region of the first semiconductor lay-
er; an intermediate film disposed on the first semicon-
ductor layer and the first gate electrode; and a first elec-
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ing is defined through the intermediate film to overlap the
doped region of the first semiconductor layer, the doped
region of the first semiconductor layer and the first elec-
trode contacts each other through the opening, and an
area of a cross-section of the opening parallel to the sub-
strate is in a range of about 49 um?2 to about 81 um2.
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Description
BACKGROUND
(a) Field

[0001] The disclosure relates to a display device and a manufacturing method thereof, and more particularly, to a
display device and a manufacturing method thereof that does not include a source electrode and a drain electrode
disposed in a same layer as a data line.

(b) Description of the Related Art

[0002] Among display devices, a flat panel display device has been spotlighted due to desired characteristics such
as light weight and thin thickness. Among flat panel display devices, a light emitting display device is a self-emissive
display device that displays an image by using a light emitting diode that emits light without using a separate light source.
In addition, the light emitting display device has attracted attention as a next-generation display device due to various
desired characteristics such as low power consumption, high luminance, and high reaction speed.

[0003] Such a light emitting display device typically includes a plurality of pixels including a light emitting diode, a
plurality of transistors for driving the light emitting diode, and at least one capacitor.

SUMMARY

[0004] Inalightemitting display device, an oxide semiconductor may be used as a semiconductor layer of the transistor.
In such a light emitting display device, it is desired to reduce the number of masks used in a manufacturing process to
simplify the process.

[0005] Embodiments of the invention relate to a display device and a manufacturing method thereof that may stably
maintain performance of a transistor including an oxide semiconductor.

[0006] An embodiment of the invention provides a display device including: a substrate; a first semiconductor layer
disposed on the substrate, where the first semiconductor layer includes a channel region and a doped region; a first
gate electrode disposed to overlap the channel region of the first semiconductor layer; an intermediate film disposed on
the first semiconductor layer and the first gate electrode; and a first electrode disposed on the intermediate film, where
an opening is defined through the intermediate film to overlap the doped region of the first semiconductor layer, the
doped region of the first semiconductor layer and the first electrode contacts each other through the opening of the
intermediate film, and an area of a cross-section of the opening of the intermediate film parallel to the substrate is in a
range of about 49 square micrometers (um2) to about 81 wm?2.

[0007] In an embodiment, the first semiconductor layer may include an oxide semiconductor.

[0008] In an embodiment, the intermediate film may include a silicon nitride.

[0009] In an embodiment, the display device may further include an insulating film disposed between the intermediate
film and the first electrode, where an entire region of the intermediate film may contact the insulating film, and the
insulating film may include an organic material.

[0010] Inanembodiment, the display device may further include: a light blocking layer disposed between the substrate
and the first semiconductor layer; and a buffer layer disposed between the light blocking layer and the first semiconductor
layer, where an opening may be defined through the buffer layer to overlap the light blocking layer, and the first electrode
and the light blocking layer may contact each other through the opening of the buffer layer.

[0011] In an embodiment, the display device may further include: a second semiconductor layer disposed in a same
layer as the first semiconductor layer, where the second semiconductor layer may include a channel region and a doped
region; and a first connection electrode disposed in a same layer as the first electrode, where the first connection electrode
may contact the first gate electrode and the doped region of the second semiconductor layer, and may connect the first
gate electrode and the second semiconductor layer to each other.

[0012] In an embodiment, the display device may further include: a data line disposed in a same layer as the light
blocking layer; and a second connection electrode disposed in a same layer as the first electrode, where the second
connection electrode may contact the data line and the doped region of the second semiconductor layer, and may
connect the data line and the second semiconductor layer to each other.

[0013] In an embodiment, a shape of a cross-section of the opening of the intermediate film parallel to the substrate
may be one selected from a polygonal shape, a circular shape, an elliptical shape, and a shape including a plurality of
sides and curved lines connecting the sides to each other.

[0014] In an embodiment, a threshold voltage of the first semiconductor layer may be in a range of about -1.0 volt (V)
to1.0V.
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[0015] Another embodiment of the invention provides a display device including: a substrate; a first semiconductor
layer disposed on the substrate, where the first semiconductor layer includes a channel region and a doped region; a
first gate electrode disposed to overlap the channel region of the first semiconductor layer; an intermediate film disposed
on the first semiconductor layer and the first gate electrode; and a first electrode disposed on the intermediate film,
where an opening is defined through the intermediate film to overlap the doped region of the first semiconductor layer,
the doped region of the first semiconductor layer and the first electrode contact each other through the opening, the first
semiconductor layer includes an oxide semiconductor, the intermediate film includes a silicon nitride, and a width of the
opening is in a range of about 7 micrometers (p.m) to about 9 pm.

[0016] In an embodiment, a shape of a cross-section of the opening parallel to the substrate may be one selected
from a polygonal shape, a circular shape, an elliptical shape, and a shape including a plurality of sides and curved lines
connecting the sides to each other, where the width of the opening may be a length of a longest side when the cross-
section of the opening is a polygon or the shape including the plurality of sides and the curved lines connecting the sides
to each other, the width of the opening may be a length of a diameter when the cross-section of the opening is circular,
and the width of the opening may be a length of a long axis when the cross-section of the opening is elliptical.

[0017] In an embodiment, the display device may further include: a second semiconductor layer disposed in a same
layer as the first semiconductor layer and including a channel region and a doped region; and a first connection electrode
disposed in a same layer as the first electrode, where the first connection electrode may contact the first gate electrode
and the doped region of the second semiconductor layer, and may connect the first gate electrode and the second
semiconductor layer to each other.

[0018] In an embodiment, the display device may further include: a data line disposed between the substrate and the
second semiconductor layer; a buffer layer disposed between the data line and the second semiconductor layer; and a
second connection electrode disposed in a same layer as the first electrode, wherein the second connection electrode
may contact the data line and the doped region of the second semiconductor layer, and may connect the data line and
the second semiconductor layer to each other.

[0019] In an embodiment, a threshold voltage of the first semiconductor layer may be in a range of about -1.0 V to
about 1.0 V.

[0020] Another embodiment of the invention provides a manufacturing method of a display device, the manufacturing
method including: providing a first semiconductor layer and a second semiconductor layer on a substrate; providing a
gate insulating film and a gate electrode on the first semiconductor layer and the second semiconductor layer, respectively;
depositing an intermediate film and an insulating film over the first semiconductor layer, the second semiconductor layer,
the gate insulating film and the gate electrode, and then etching them to form an opening overlapping the first semicon-
ductorlayer and the second semiconductor layer, respectively; plasma-treating the opening; and providing afirst electrode
on the insulating film, wherein the first electrode may contact the first semiconductor layer through the opening, and an
area of a cross-section of the opening parallel to the substrate is in a range of about 49 pm?2 to about 81 um?2.

[0021] In an embodiment, the first semiconductor layer and the second semiconductor layer may include an oxide
semiconductor, and the intermediate film may include a silicon nitride.

[0022] In an embodiment, a shape of a cross-section of the opening parallel to the substrate may be one selected
from a polygonal shape, a circular shape, an elliptical shape, and a shape including a plurality of sides and curved lines
connecting the sides to each other.

[0023] In an embodiment the plasma-treating the opening may include performing the plasma-treating for 30 seconds
to 90 seconds with a power in a range of 1.5 kilowatts (kW) to 2.5 kW.

[0024] In an embodiment, the manufacturing method may further include providing a first connection electrode on the
insulating film during a same process as the first electrode, where the first connection electrode may contact the gate
electrode overlapping the first semiconductor layer and the second semiconductor layer, respectively, and the first
connection electrode may connect the gate electrode and the second semiconductor layer to each other.

[0025] In an embodiment, the manufacturing method may further include: providing a light blocking layer and a data
line on the substrate before the providing the first semiconductor layer and the second semiconductor layer on the
substrate; providing a buffer layer over the light blocking layer and the data line before the providing the first semiconductor
layer and the second semiconductor layer on the substrate; and providing a second connection electrode on the insulating
film during a same process as the first electrode, where the second connection electrode may contact the data line and
the second semiconductor layer, respectively, and may connect the data line and the second semiconductor layer to
each other.

[0026] Accordingto embodiments of the display device and the manufacturing method, it is possible to stably maintain
performance of a transistor including an oxide semiconductor.

[0027] Atleast some of the above features that accord with the invention and other features according to the invention
are set out in the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0028]

FIG. 1 is a cross-sectional view of a display device according to an embodiment of the invention.

FIG. 2 and FIG. 3 illustrate enlarged cross-sectional views of a portion "A" in FIG. 1.

FIG. 4 and FIG. 5 illustrate graphs in which voltage-current is measured for an element of a display device having
a conductor characteristic as an n+ region of an oxide semiconductor increases.

FIG. 6 illustrates a result of measuring voltage and current in the embodiment of FIG. 2, and FIG. 7 illustrates a
result of measuring voltage and current in the embodiment of FIG. 3.

FIG. 8 to FIG. 13 illustrate cross-sectional views taken along line B-B’ of FIG. 1.

FIG. 14 to FIG. 19 illustrate results of measuring voltage-current while varying a size of an opening.

FIG. 20 to FIG. 28 illustrate cross-sectional views of a manufacturing process according to an embodiment of the
invention.

FIG. 29 illustrates a circuit diagram of a pixel according to an embodiment of the invention.

DETAILED DESCRIPTION

[0029] The invention will now be described hereinafter with reference to the accompanying drawings, in which various
embodiments of the invention are shown. This invention may, however, be embodied in many different forms, and should
not be construed as limited to the embodiments set forth herein. Rather, the scope of the invention is defined by the claims.
[0030] Parts that are irrelevant to the description will be omitted to clearly describe the disclosure, and like reference
numerals designate like elements throughout the specification.

[0031] Further, in the drawings, the size and thickness of each element are arbitrarily illustrated for ease of description,
and the disclosure is not necessarily limited to those illustrated in the drawings. In the drawings, the thicknesses of
layers, films, panels, regions, etc., are exaggerated for clarity. In the drawings, for ease of description, the thicknesses
of some layers and areas are exaggerated.

[0032] It will be understood that when an element such as a layer, film, region, or substrate is referred to as being "on"
another element, it can be directly on the other element or intervening elements may also be present. In contrast, when
an element is referred to as being "directly on" another element, there are no intervening elements present. Further, in
the specification, the word "on" or "above" means disposed on or below the object portion, and does not necessarily
mean disposed on the upper side of the object portion based on a gravitational direction.

[0033] Itwillbe understood that, although the terms "first," "second," "third" etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only used to distinguish one element, component, region, layer
or section from another element, component, region, layer or section. Thus, "a first element," "component,” "region,"
"layer" or "section" discussed below could be termed a second element, component, region, layer or section without
departing from the teachings herein.

[0034] The terminology used herein is for the purpose of describing particular embodiments only and is not intended
to be limiting. As used herein, "a", "an," "the," and "at least one" do not denote a limitation of quantity, and are intended
to include both the singular and plural, unless the context clearly indicates otherwise. For example, "an element" has
the same meaning as "at least one element," unless the context clearly indicates otherwise. "At least one" is not to be
construed as limiting "a" or "an." "Or" means "and/or." As used herein, the term "and/or" includes any and all combinations
of one or more of the associated listed items. It will be further understood that the terms "comprises" and/or "comprising,"
or "includes" and/or "including" when used in this specification, specify the presence of stated features, regions, integers,
steps, operations, elements, and/or components, but do not preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, components, and/or groups thereof.

[0035] Furthermore, relative terms, such as "lower" or "bottom" and "upper" or "top," may be used herein to describe
one element’s relationship to another element as illustrated in the Figures. It will be understood that relative terms are
intended to encompass different orientations of the device in addition to the orientation depicted in the Figures. For
example, if the device in one of the figures is turned over, elements described as being on the "lower" side of other
elements would then be oriented on "upper" sides of the other elements. The term "lower," can therefore, encompasses
both an orientation of "lower" and "upper," depending on the particular orientation of the figure. Similarly, if the device
in one of the figures is turned over, elements described as "below" or "beneath" other elements would then be oriented
"above" the other elements. The terms "below" or "beneath" can, therefore, encompass both an orientation of above
and below.

[0036] Further, throughout the specification, the phrase "in a plan view" or "on a plane" means viewing a target portion
from the top, and the phrase "in a cross-section" or "on a cross-section" means viewing a cross-section formed by
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vertically cutting a target portion from the side.

[0037] "About" or "approximately" as used herein is inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the particular quantity (i.e., the limitations of the measurement
system). For example, "about" can mean within one or more standard deviations, or within = 30%, 20%, 10% or 5% of
the stated value.

[0038] Unless otherwisedefined, allterms (including technical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art and the present disclosure, and will not be interpreted in
an idealized or overly formal sense unless expressly so defined herein.

[0039] Embodiments are described herein with reference to cross section illustrations that are schematic illustrations
ofidealized embodiments. As such, variations from the shapes of the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus, embodiments described herein should not be construed as
limited to the particular shapes of regions as illustrated herein but are to include deviations in shapes that result, for
example, from manufacturing. For example, a region illustrated or described as flat may, typically, have rough and/or
nonlinear features. Moreover, sharp angles that are illustrated may be rounded. Thus, the regions illustrated in the figures
are schematic in nature and their shapes are not intended to illustrate the precise shape of a region and are not intended
to limit the scope of the present claims.

[0040] Hereinafter, embodiments of the invention will be described in detail with reference to the accompanying draw-
ings.

[0041] FIG. 1 is a cross-sectional view of a display device according to an embodiment of the invention.

[0042] Referring to FIG. 1, an embodiment of a display device has a structure in that, instead of a source electrode
and a drain electrode of a transistor, a first connection electrode 192 and a second connection electrode 193 are disposed
in a same layer as a first electrode 191. In such an embodiment, as described above, by omitting the source electrode
and the drain electrode and disposing the first connection electrode 192 and the second connection electrode 193, a
mask used to form the source electrode and the drain electrode in a manufacturing process may be omitted, thereby
simplifying the manufacturing process.

[0043] Hereinafter, astructure of an embodiment of the display device will be described in detail with reference to FIG. 1.
[0044] Referring to FIG. 1, in an embodiment of the display device, a barrier layer 110 is disposed on a substrate 100
including a transparent glass or plastic. The barrier layer 110 may include an inorganic material, and alternatively, the
barrier layer 110 may be omitted.

[0045] Insuchanembodiment, alight blockinglayer 111, a dataline 171, and a storage electrode line 131 are disposed
on the barrier layer 110. Since the light blocking layer 111, the data line 171, and the storage electrode line 131 are
disposed in a same layer as each other, the light blocking layer 111, the data line 171, and the storage electrode line
131 may be formed in a same process, and may include a same material as each other. The light blocking layer 111
may be disposed to overlap a first transistor T1 and the substrate 100 in a vertical direction. The light blocking layer 111
may prevent external light from reaching channel regions 154a and 154b of semiconductor layers 150a and 150b, thereby
reducing a leakage current and preventing deterioration of characteristics. As will be described in detail later, the light
blocking layer 111 may be connected to the first electrode 191 at a first opening OP1 defined through a buffer layer 120.
In such an embodiment, the data line 171 may also be connected to the second connection electrode 193 at a second
opening OP2 defined through the buffer layer 120.

[0046] The buffer layer 120 is disposed on the light blocking layer 111, the data line 171, and the storage electrode
line 131. The buffer layer 120 may insulate the semiconductor layers 150a and 150b from the light blocking layer 111,
the data line 171, and the storage electrode line 131, and may include an organic material or an inorganic material. In
one embodiment, for example, the buffer layer 120 may include an inorganic insulating material such as a silicon nitride
(SiNx), a silicon oxide (SiOx), and a silicon oxynitride (SiON), or an organic insulating material, where x may be 1 to 4.
In such an embodiment, the first opening OP1 overlapping the light blocking layer 111 and the second opening OP2
overlapping the data line 171 are defined through the buffer layer 120.

[0047] The semiconductor layers 150a and 150b are disposed on the buffer layer 120. The semiconductor layers 150a
and 150b may include a first semiconductor layer 150a and a second semiconductor layer 150b. The first semiconductor
layer 150a may form thefirsttransistor T1, and the first transistor T1 may be a driving transistor. The second semiconductor
layer 150b may form a second transistor T2, and the second transistor T2 may be a switching transistor.

[0048] The semiconductor layers 150a and 150b may include at least one selected from amorphous silicon, polycrys-
talline silicon, monocrystalline silicon, and an oxide semiconductor. In an embodiment, the semiconductor layers 150a
and 150b may include oxide semiconductors. In one embodiment, for example, the semiconductor layers 150a and 150b
may include an oxide semiconductor material containing at least one selected from zinc (Zn), indium (In), gallium (Ga),
tin (Sn), and a combination thereof. In one embodiment, for example, the semiconductor layers 150a and 150b may



10

15

20

25

30

35

40

45

50

55

EP 3 937 241 A1

include indium-gallium-zinc oxides ("IGZ0O").

[0049] The first semiconductor layer 150a includes a source region 153a, a drain region 155a, and a channel region
154a disposed between the source region 153a and the drain region 155a. The source region 153a and the drain region
155a are doped regions in which doping is performed.

[0050] In an embodiment, the second semiconductor layer 150b includes a source region 153b, a drain region 155b,
and a channel region 154b disposed between the source region 153b and the drain region 155b.

[0051] The source region 153b and the drain region 155b are doped regions in which doping is performed.

[0052] In an embodiment, a gate insulating pattern 144 may be disposed to overlap the channel regions 154a and
154b of the semiconductor layers 150a and 150b. The gate insulating pattern 144 may not substantially overlap conductive
regions of the semiconductor layers 150a and 150b.

[0053] Gate electrodes 124a and 124b may be disposed on the gate insulating pattern 144. The gate electrodes 124a
and 124b may overlap the channel regions 154a and 154b of the semiconductor layers 150a and 150b in a direction
perpendicular to the substrate 100. The first gate electrode 124a and the first semiconductor layer 150a form or collective
define the first transistor T1, and the second gate electrode 124b and the second semiconductor layer 150b form or
collective define the second transistor T2.

[0054] An intermediate film 160 and an insulating film 180 are disposed on the semiconductor layers 150a and 150b
and the gate electrodes 124a and 124b. The intermediate film 160 may be an inorganic film including an inorganic
material, and the insulating film 180 may include an organic material. The intermediate film 160 may protect the transistor
T1 from external moisture. The intermediate film 160 may include at least one selected from a silicon nitride (SiNx), a
silicon oxide (SiOx), and a silicon oxynitride (SiON), where x is 1 to 4. In one embodiment, for example, the intermediate
film 160 may include a SiNx. In such an embodiment, penetration of moisture into an element may be effectively prevented
by the intermediate film 160 since SiNx effectively blocks external moisture. However, a hydrogen content of SiNx is
high, which may affect semiconductor properties of the semiconductor layers 150a and 150b. This will be described
later in greater detail.

[0055] In an embodiment, a third opening OP3 is defined through the intermediate film 160 and the insulating film 180
to overlap the drain region 155a of the first semiconductor layer 150a, a fourth opening OP4 is defined through the
intermediate film 160 and the insulating film 180 to overlap the first gate electrode 124a, a fifth opening OP5 is defined
through the intermediate film 160 and the insulating film 180 to overlap the drain region 155b of the second semiconductor
layer 150b, and a sixth opening OP6 is defined through the intermediate film 160 and the insulating film 180 to overlap
the source region 153b of the second semiconductor layer 150b. In such an embodiment, the first opening OP1 and the
second opening OP2 is defined in the buffer layer 120 through the intermediate film 160 and the insulating film 180.
[0056] In an embodiment, the third opening OP3, the fifth opening OP5, and the sixth opening OP6 are openings
defined to overlap or expose the first semiconductor layer 150a and the second semiconductor layer 150b. In such an
embodiment, an area in a direction parallel to the substrate 100 (or a cross-sectional area) of the third opening OP4,
the fifth opening OP5, and the sixth opening OP6 disposed to overlap the first semiconductor layer 150a and the second
semiconductor layer 150b may be in a range of about 49 square micrometers (um?2) to about 81 um2. In such an
embodiment, a width of the third opening OP4, the fifth opening OP5, and the sixth opening OP6 may be in a range of
about 7 micrometers (pum) to about 9 um. A measurement standard of the term "width" used herein will be described in
detail with reference to FIG. 8 to FIG. 13. In an embodiment, where the opening is rectangular, a length of a longest
side is a width. In an alternative embodiment, where the opening is circular, a length of a diameter is a width. In another
alternative embodiment, where the opening is elliptical, a length of a largest diameter is a width.

[0057] In a case where the cross-sectional area or the width of the third opening OP4, the fifth opening OP5, and the
sixth opening OPG6 is too large, since the intermediate film (SiNx) contains an high amount of hydrogen, the hydrogen
contained in the intermediate film may penetrate into the semiconductor layers 150a and 150b such that the semiconductor
layers 150a and 150b function as conductors, as will be described later. As will be described separately later, cross-
sections of the third opening OP4, the fifth opening OP5, and the sixth opening OP6 may be variously modified, such
as square, rectangular, quadrangular, circular, and elliptical. Regardless of the shape of the opening, when the opening
is quadrangular, a length of a longest side may be in a range of about 7 um to about 9 um, when the opening is circular,
a length of a diameter may be in a range of about 7 pum to about 9 wm, and when the opening is elliptical, a length of a
largest diameter may be in a range of about 7 um to about 9 um.

[0058] Referring back to FIG. 1, the first electrode 191, the first connection electrode 192, and the second connection
electrode 193 are disposed on the insulating film 180. The first electrode 191, the first connection electrode 192, and
the second connection electrode 193 may include a transparent conductive oxide, may be formed in a same process,
and may include a same material as each other. In one embodiment, for example, it may include a multi-layered structure
of indium tin oxide ("ITO")/Ag/ITO.

[0059] The second connection electrode 193 is connected to the data line 171 through the second opening OP2, and
is connected to the source region 153b of the second transistor T2 through the sixth opening OP6. In such an embodiment,
the second connection electrode 193 connects the data line 171 and the source region 153b of the second transistor
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T2 to each other.

[0060] The first connection electrode 192 is connected to the drain region 155b of the second transistor T2 through
the fifth opening OP5, and is connected to the first gate electrode 124a of the first transistor T1 through the fourth opening
OP4. In such an embodiment, the first connection electrode 192 connects the drain region 155b of the second transistor
T2 and the first gate electrode 124a of the first transistor T1 to each other.

[0061] The first electrode 191 is connected to the drain region 155a of the first transistor T1 through the third opening
OP3 to receive a voltage. The first electrode 191 may also be connected to the light blocking layer 111 through the first
opening OP1, and may constantly maintain a current according to a voltage.

[0062] A partition wall 350 is disposed on the first electrode 191, the first connection electrode 192, and the second
connection electrode 193. In an embodiment, an opening 355 is defined through the partition wall 350 to overlap or
expose the first electrode 191. A light emitting layer 360 may be disposed in the opening 355. A second electrode 270
is disposed on the light emitting layer 360 and the partition wall 350. The first electrode 191, the light emitting layer 360,
and the second electrode 270 may form a light emitting diode LED.

[0063] In an embodiment, as shown in FIG. 1, the display device does not include a source electrode or a drain
electrode disposed in a same layer as the data line 171, and the source electrode or the drain electrode receives a data
voltage through the first connection electrode 192 and the second connection electrode 193. In such an embodiment,
separate source and drain electrodes in a same layer as the data line 171 are not included, the number of masks may
be reduced in a manufacturing process, thereby effectively reducing the cost of the manufacturing process.

[0064] In an embodiment, since the intermediate film 160 includes SiNx, the transistor is effectively protected from
external moisture. However, in a case where the intermediate film 160 includes SiNx, since SiNx contains excessive
hydrogen, the semiconductor layers 150a and 150b may act like conductors by the hydrogen. In an embodiment of the
invention, the cross-sectional area of the opening overlapping the semiconductor layers 150a and 150b is in a range of
about 49 um?2 to about 81 wm2, and plasma treatment is performed in the manufacturing process, thus the hydrogen
inside the semiconductor layers 150a and 150b is removed such that the semiconductor layers 150a and 150b normally
operate. In embodiments where reference is made to an area being about 49 umZ2 to about 81 um?2 this may mean that
the area is within a range from 49 umZ2 to 81uM2. Likewise in embodiments in which reference is made to a width being
about 7 pm to about 9 um, this may mean that the width is within a range of 7 pum to 9 pum.

[0065] Hereinafter, effects of embodiments of the invention will be described in detail.

[0066] FIG. 2 and FIG. 3 illustrate enlarged cross-sectional views of portion "A" in FIG. 1. Referring to FIG. 2, a width
(d) of the third opening OP3 in FIG. 2 is 8 um, and a width (d) of the third opening OP3 in FIG. 3 is 4 um. For better
comprehension and ease of description, FIG. 2 and FIG. 3 show hydrogen atoms (H) and vacancies (Vo) inside the first
semiconductor layer 150a.

[0067] In both FIG. 2 and FIG. 3, since the intermediate film 160 includes SiNx, hydrogen atoms are introduced into
the semiconductor layer 150a. When a hydrogen content is increased inside the semiconductor layer 150a, an n+ region
of an oxide semiconductor increases, and an effective channel length decreases due to the increase of the n+ region
of the oxide semiconductor. Therefore, the semiconductor layer 150a may function as a conductor.

[0068] FIG. 4 and FIG. 5 illustrate graphs in which voltage-current is measured for an element of a display device
having a conductor characteristic as an n+ region of an oxide semiconductor increases. FIG. 4 and FIG. 5 illustrate
results of repeated experiments, and in this case, results measured several times are shown in one graph. FIG. 4
illustrates a graph of results in which currents according to voltages are measured in a first transistor (driving transistor),
and FIG. 5 illustrates a graph of results in which currents according to voltages are measured in a second transistor
(switching transistor). Referring to FIG. 4 and FIG. 5, it can be confirmed that hydrogen contained in SiNx included in
the intermediate film was introduced into the oxide semiconductor layer, and accordingly, as the n+ region of the oxide
semiconductor increased, the effective channel was shortened, and thus the transistor did not normally function. That
is, no threshold voltage exists in the graph.

[0069] FIG. 6 illustrates a result of measuring voltage and current in the embodiment of FIG. 2, and FIG. 7 illustrates
a result of measuring voltage and current in the embodiment of FIG. 3. Referring to FIG. 6 and FIG. 7, it can be confirmed
that in the case of FIG. 7 in which the width of the opening OP3 was 4 um, the threshold voltage was lower than -10
volt (V), butin the case of FIG. 6 in which the width of the opening OP3 was 8 um, the threshold voltage was about -1.0
V that was higher than that of FIG. 7.

[0070] Referring to FIG. 2, FIG. 3, FIG. 6, and FIG. 7, it is shown that the threshold voltage increases as the width of
the third opening OP3 increases. Accordingly, an increase in conductor properties of the semiconductor layer due to
hydrogen contained in the intermediate film 160 including SiNx may be effectively prevented by controlling the width of
an opening that exposes the semiconductor layer.

[0071] Insuchanembodiment, the larger the area of the third opening OP3 overlapping the semiconductor layer 150a,
the higher the vacancy concentration of the semiconductor layer 150a by the plasma treatment during the manufacturing
process, and the increased vacancy is combined with a hydrogen ion to remove the hydrogen ion.

[0072] Thatis, when comparing FIG. 2 and FIG. 3, it can be seen that there are more vacancies Vo in FIG. 3 in which



10

15

20

25

30

35

40

45

50

55

EP 3 937 241 A1

the third opening OP3 has a larger area. This is because the area in which the inert gas collides during plasma processing
increases as the area of the third opening OP3 is wider, and the vacancies occur inside the semiconductor layer 150a
due to the collision. Since the vacancies are bonded to hydrogen ions inside the semiconductor layer 150a, excess
hydrogen is removed, and accordingly, the semiconductorlayer 150a may be effectively prevented from having conductor
characteristics due to hydrogen introduced from the intermediate film 160 including SiNx.

[0073] In such an embodiment, shapes of the openings overlapping the semiconductor layers 150a and 150b may
vary. FIG. 8 to FIG. 13 illustrate cross-sectional views taken along line B-B’ of FIG. 1. In FIG. 8 to FIG. 13, the third
opening OP3 is shown for convenience of illustration and description, but the following description may be commonly
applied to the openings overlapping the semiconductor layers 150a and 150b, that is, the fifth opening OP5 and the
sixth opening OP6.

[0074] Hereinafter, various shapes of the openings overlapping the semiconductor layers 150a and 150b and meas-
urement criteria of the widths d in the openings having the respective shapes will be described in detail with reference
to FIG. 8 to FIG. 13.

[0075] Referring to FIG. 8, in an embodiment, the shape of the third opening OP3 may be square. In such an embod-
iment, the width (d) of the third opening OP3 is the same as the length of one side of the square. That is, when the shape
of the third opening OP3 is square, the width (d) of the opening means the length of one side of the third opening OP3
as shown in FIG. 8. In such an embodiment, an area of the third opening OP3 in a direction parallel to the substrate 100
may be in a range of about 49 um?2 to about 81 pm2.

[0076] Referring to FIG. 9, in an alternative embodiment, the shape of the third opening OP3 may be a square-like
shape in which four corners are rounded. This is a shape that may be formed in a manufacturing process, and when
the shape of the third opening OP3 is a square-like shape having four rounded corners, as shown in FIG. 9, the width
(d) of the opening described herein means a length of a longest part of the third opening OP3. In such an embodiment,
an area of the third opening OP3 in a direction parallel to the substrate 100 may be in a range of about 49 um?2 to about
81 um2.

[0077] Referringto FIG. 10, in another alternative embodiment, the shape of the third opening OP3 may be rectangular.
In such an embodiment, the width of the third opening OP3 is a length of a long side of the rectangle, that is, when the
shape of the third opening OP3 is rectangular, as shown in FIG. 10, the width (d) of the opening means the length of
the long side. In such an embodiment, an area of the third opening OP3 in a direction parallel to the substrate 100 may
be in a range of about 49 um? to about 81 um2.

[0078] Referringto FIG. 11, in another alternative embodiment, the shape of the third opening OP3 may be a rectangle-
like shape in which four corners are rounded. This is a shape that may be formed in a manufacturing process, and when
the shape of the third opening OP3 is a rectangle-like shape having four rounded corners, as shown in FIG. 11, the
width (d) of the opening means a length of a longest part of the third opening OP3. In such an embodiment, an area of
the third opening OP3 in a direction parallel to the substrate 100 may be in a range of about 49 pm?2 to about 81 um?2.
[0079] Referring to FIG. 12, in another alternative embodiment, the shape of the third opening OP3 may be circular.
When the shape of the third opening OP3 is circular, the width (d) of the opening described in the specification means
a diameter of the third opening OP3 as shown in FIG. 12. In such an embodiment, an area of the third opening OP3 in
a direction parallel to the substrate 100 may be in a range of about 49 um?2 to about 81 pm?2.

[0080] Referring to FIG. 13, in another alternative embodiment, the shape of the third opening OP3 may be elliptical.
When the shape of the third opening OP3 is elliptical, the width (d) of the opening described in the specification means
a diameter of a long axis of the third opening OP3 as shown in FIG. 12. In such an embodiment, an area of the third
opening OP3 in a direction parallel to the substrate 100 may be in a range of about 49 um?2 to about 81 um?2.

[0081] Although various shapes of the third opening OP3 have been described above, the shape of the third opening
OP3 is not limited thereto, and the third opening OP3 may have one of other various shapes. In an embodiment, the
opening may be a polygon, a circle, an ellipse, or a shape including a plurality of sides and a curved surface connecting
the sides to each other. In such an embodiment, the area of the third opening OP3 may be in a range of about 49 um?2
to about 81 um?2.

[0082] In an embodiment of the invention, the width of the opening overlapping the semiconductor layers 150a and
150b may be in a range of about 7 um to about 9 um. In such an embodiment, the area of the opening overlapping the
semiconductor layers 150a and 150b may be in a range of about 49 umZ to about 81 pm?2.

[0083] In an embodiment, when the width of the opening overlapping the semiconductor layers 150a and 150b is less
than about 7 um or the area of the opening is less than about 49 um2, the hydrogen introduced into the semiconductor
layers 150a and 150b may not be sufficiently removed, and thus the transistor may not normally operate.

[0084] In such an embodiment, when the width of the opening overlapping the semiconductor layers 150a and 150b
exceeds about 9 um or the area of the opening exceeds about 81 pm2, the hydrogen in the semiconductor layers 150a
and 150b is excessively removed, and thus the positive shift of the threshold voltage excessively occurs, and it may not
be utilized as an element.

[0085] A range of the threshold voltage for the transistor of the display device to normally operate is between -1.0 V
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and 1.0 V.
[0086] FIG. 14 to FIG. 19 illustrate results of measuring voltage (Vgg)-current (Ipg) while varying a size of an opening.
[0087] Table 1 shows mobilities and threshold voltages measured by experiments of FIG. 14 to FIG. 19.

(Table 1)
Size of opening (pm x pm) | Mobility | Threshold voltage (Vth)
4x4 - -9.58
6x6 13.76 -2.00
7x7 11.05 -0.63
8x8 11.49 0.59
9x9 10.38 0.90
10x 10 8.89 1.53

[0088] Referring to FIG. 14 to FIG. 19 and Table 1, it is shown that the threshold voltage was in a range of -1.0 V to
1.0 V when the size of the opening was between 7 um x 7 pum to 9 pum x 9 pum. That is, when the size of the opening is
less than 7 um x 7 um, the threshold voltage may be a reference value or less that may normally operate as a transistor.
In addition, when the size of the opening is more than 9 um x 9 um, the threshold voltage is excessively high, so it may
be effectively utilized as an element.

[0089] Hereinafter, a manufacturing method of the display device according to an embodiment of the invention will be
described with reference to FIG. 20 to FIG. 28. FIG. 20 to FIG. 28 illustrate cross-sectional views of a manufacturing
process according to an embodiment of the invention.

[0090] Referring first to FIG. 20, the barrier layer 110 is provided or formed on the substrate 100, and the light blocking
layer 111 and the data line 171 are provided or formed on the barrier layer 110. The light blocking layer 111 and the
data line 171 may be formed in a same process as each other, and may include a same material as each other. In such
a process, a first mask may be used.

[0091] Next, referring to FIG. 21, the buffer layer 120 and a semiconductor layer 150 may be provided or formed on
the light blocking layer 111 and the data line 171. The semiconductor layer 150 may include an oxide semiconductor.
In one embodiment, for example, the semiconductor layer 150 may include an oxide semiconductor material including
at least one selected from zinc (Zn), indium (In), gallium (Ga), tin (Sn), and a combination thereof. In one embodiment,
for example, the semiconductor layers 150a and 150b may include 1GZO.

[0092] Next, referring to FIG. 22, the semiconductor layer 150 is etched to form the first semiconductor layer 150a
and the second semiconductor layer 150b. In this process, a second mask may be used. Then, the first semiconductor
layer 150a may form the first transistor T1, and the second semiconductor layer 150b may form the second transistor T2.
[0093] Next, referring to FIG. 23, a gate insulating film 140 and a gate layer 121 are provided or formed on the first
semiconductor layer 150a and the second semiconductor layer 150b.

[0094] Subsequently, referring to FIG. 24, the gate insulating film 140 and the gate layer 121 are etched to form the
first gate electrode 124a, the second gate electrode 124b, and the gate insulating pattern 144. In this process, a third
mask may be used. Since the gate insulating film 140 and the gate layer 121 are etched by a same process, the gate
insulating pattern 144 may have a same shape as the first gate electrode 124a and the second gate electrode 124b.
[0095] Next, referring to FIG. 25, the intermediate film 160 and the insulating film 180 are provided or formed over the
first gate electrode 124a, the second gate electrode 124b, and the gate insulating pattern 144, and the plurality of
openings OP1, OP2, OP3, OP4, OP5, and OP6 are formed through the intermediate film 160 and the insulating film
180. A fourth mask may be used in the process of forming the openings. The first opening OP1 may be formed to overlap
the light blocking layer 111, and the second opening OP2 may be formed to overlap the data line 171. The third opening
OP3 is formed to overlap the drain region 155a of the first semiconductor layer 150a, the fourth opening OP4 is formed
to overlap the first gate electrode 124a, the fifth opening OP5 is formed to overlap the drain region 155b of the second
semiconductor layer 150b, and the sixth opening OP6 is formed to overlap the source region 153b of the second
semiconductor layer 150b.

[0096] In such an embodiment, the widths of the third opening OP3, the fifth opening OP5, and the sixth opening OP6
may be in a range of about 7 pum to about 9 um. In such an embodiment, the areas of the third opening OP3, the fifth
opening OP5, and the sixth opening OP6 may be in a range of about 49 um?2 to about 81 wm2. In such an embodiment,
the definition of the shapes and widths of the third opening OP3, the fifth opening OP5, and the sixth opening OP6 may
be the same as those described above with reference to FIG. 8 to FIG. 13.

[0097] Referring to FIG. 26, plasma treatment is then performed. In an embodiment, the plasma treatment may be
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performed for 30 seconds to 90 seconds with a power in a range of 1.5 kilowatts (kW) to 2.5 kW. During the plasma
treatment process, vacancies are formed inside the semiconductor layers 150a and 150b. This is because inert gas
collides with the semiconductor layers 150a and 150b, thereby disturbing the atoms inside the semiconductor layers
150a and 150b, or releasing atoms out.

[0098] Next, referring to FIG. 27, the first electrode 191, the first connection electrode 192, and the second connection
electrode 193 are provided or formed in respective openings OP1, OP2, OP3, OP4, OP5, and OP6, and on the insulating
film 180. In this process, a fifth mask may be used.

[0099] Thefirstelectrode 191 contacts the light blocking layer 111 through the first opening OP1 and the source region
153a of the first semiconductor layer 150a through the third opening OP3. The first connection electrode 192 contacts
the first gate electrode 124a of the first semiconductor layer 150a through the fourth opening OP4 and the drain region
155b of the second semiconductor layer 150b through the fifth opening OP5. The second connection electrode 193
contacts the source region 153b of the second semiconductor layer 150b through the sixth opening OP6 and the data
line 171 through the second opening OP2.

[0100] Next, referring to FIG. 28, the partition wall 350 is provided or formed on the first electrode 191, the first
connection electrode 192, and the second connection electrode 193. The partition wall 350 includes the opening 355
overlapping the first electrode 191, and a sixth mask may be used in this process.

[0101] As described above, according to an embodiment of the manufacturing method of the display device, a source
electrode and a drain electrode are not included, and a data voltage is transmitted to each transistor through the first
connection electrode 192 and the second connection electrode 193 disposed in a same layer as the first electrode 191.
Therefore, in such an embodiment, the number of masks used in the manufacturing process may be reduced, such that
the manufacturing process may be simplified by being performed with six masks.

[0102] In an embodiment of the display device manufactured as described above, the width of the opening overlapping
the semiconductor layers 150a and 150b is in a range of about 7 um to about 9 wm, or the area thereof is in a range of
about 49 umZ2 to about 81 pmZ2. The width or area of the opening may be determined to prevent the semiconductor layer
from functioning as a conductor by excess hydrogen contained in SiNx when the display device includes a SiNx film
therein for protection of an element. This is because, as described above, the larger the area of the opening, the more
the number of vacancies formed by the plasma treatment increases, and the vacancies are combined with hydrogen
ions inside the semiconductor layer to remove the hydrogen ions.

[0103] Asdescribed above, an embodiment of the display device may include a SiNx film adjacent to the semiconductor
layer, and may be applied to various structures if the semiconductor layer includes an oxide semiconductor. As described
above, since such an embodiment of the display device may be manufactured using six masks, a source electrode is
omitted, and the connection electrode disposed in a same layer as the first electrode 191 may be applied to a structure
for transmitting a data voltage.

[0104] Hereinafter, pixels of an embodiment of the display device will be briefly described. FIG. 29 illustrates a circuit
diagram of a pixel according to an embodiment of the invention.

[0105] Referring to FIG. 29, an embodiment of the display device includes a plurality of pixels, and each pixel may
include a plurality of transistors T1, T2, and T3, a capacitor Cst, and a light emitting diode ED. Hereinafter, for convenience
of description, an embodiment in which each pixel includes a single light emitting diode ED as shown in FIG. 29 will be
described in detail, but not being limited thereto.

[0106] In an embodiment, the plurality of transistors T1, T2, and T3 of a pixel include a first transistor T1, a second
transistor T2, and a third transistor T3. A source electrode and a drain electrode, which will be described below, are
used to distinguish two electrodes disposed at opposite sides of a channel of each of the transistors T1, T2, and T3,
and the source electrode and the drain electrode may be interchanged.

[0107] A gate electrode G1 of the first transistor T1 is connected to one end of the capacitor Cst, a source electrode
S1 of the first transistor T1 is connected to a driving voltage line for transmitting a driving voltage ELVDD, and a drain
electrode D1 of the first transistor T1 is connected to an anode of the light emitting diode ED and the other end of the
capacitor Cst. The first transistor T1 may receive a data voltage DAT based on a switching operation of the second
transistor T2, and supply a driving current to the light emitting diode ED corresponding to a voltage stored in the capacitor
Cst. The drain electrode D1 of the first transistor T1 may be connected to the light blocking layer 111.

[0108] A gate electrode G2 of the second transistor T2 is connected to a first scan line that transmits a first scan signal
SC, a source electrode S2 of the second transistor T2 is connected to a data line that may transmit the data voltage
DAT or a reference voltage, and a drain electrode D2 of the second transistor T2 is connected to one end of the capacitor
Cst and the gate electrode G1 of the first transistor T1. The second transistor T2 is turned on in response to the first
scan signal SC to transmit the reference voltage or the data voltage DAT to the gate electrode G1 of the first transistor
T1 and one end of the capacitor Cst.

[0109] A gate electrode G3 of the third transistor T3 is connected to a second scan line for transmitting a second scan
signal SS, a source electrode S3 of the third transistor T3 is connected to the other end of the capacitor Cst, the drain
electrode D1 of the first transistor T1, and the anode of the light emitting diode ED, and a drain electrode D3 of the third
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transistor T3 is connected to an initialization voltage line for transmitting an initialization voltage INIT. The third transistor
T3 is turned on in response to the second scan signal SS to transmit the initialization voltage INIT to the anode of the
light emitting diode ED and the other end of the storage capacitor Cst, thereby initializing the anode voltage of the light
emitting diode ED.

[0110] One end of the capacitor Cst is connected to the gate electrode G1 of the first transistor T1, and the other end
thereof is connected to the source electrode S3 of the third transistor T3 and the anode of the light emitting diode ED.
The cathode of the light emitting diode ED is connected to a common voltage line for transmitting a common voltage
ELVSS.

[0111] Thelight emitting diode ED may emitlight corresponding to a driving current outputted from the first transistor T1.
[0112] An embodiment of the display device described above may be applied to a display device having the circuit
diagram of FIG. 29. However, this is merely an example, and the invention is not limited thereto.

[0113] The invention should not be construed as being limited to the embodiments set forth herein. Rather, the scope
of the invention is defined by the claims.

[0114] While the invention has been particularly shown and described with reference to embodiments thereof, it will
be understood by those of ordinary skill in the art that various changes in form and details may be made therein without
departing from the scope of the claims.

Claims
1. A display device comprising:

a substrate;

a first semiconductor layer disposed on the substrate, wherein the first semiconductor layer includes a channel
region and a doped region;

a first gate electrode disposed to overlap the channel region of the first semiconductor layer;

an intermediate film disposed on the first semiconductor layer and the first gate electrode; and

a first electrode disposed on the intermediate film,

wherein an opening is defined through the intermediate film to overlap the doped region of the first semiconductor
layer, and

the doped region of the first semiconductor layer and the first electrode contact each other through the opening
of the intermediate film.

2. The display device of claim 1, wherein an area of a cross-section of the opening of the intermediate film parallel to
the substrate is in a range of about 49 um?2 to about 81 um2,

3. Thedisplay device of claim 1 or claim 2, wherein a shape of a cross-section of the opening of the intermediate film
parallel to the substrate is one selected from a polygonal shape, a circular shape, an elliptical shape, and a shape
including a plurality of sides and curved lines connecting the sides to each other.

4. The display device of any preceding claim, wherein a width of the opening of the intermediate film is in a range of
about 7 um to about 9 um and wherein the width of the opening is a length of a longest side when the cross-section
of the opening is a polygon or the shape including the plurality of sides and the curved lines connecting the sides
to each other,
the width of the opening is a length of a diameter when the cross-section of the opening is circular, and
the width of the opening is a length of a long axis when the cross-section of the opening is elliptical.

5. The display device of any preceding claim, wherein the first semiconductor layer includes an oxide semiconductor,
and optionally, wherein the intermediate film includes silicon nitride.

6. The display device of any preceding claim, further comprising an insulating film disposed between the intermediate
film and the first electrode,
wherein an entire region of the intermediate film contacts the insulating film, and
the insulating film includes an organic material.

7. The display device of any preceding claim, further comprising:

a light blocking layer disposed between the substrate and the first semiconductor layer; and
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a buffer layer disposed between the light blocking layer and the first semiconductor layer,
wherein an opening is defined through the buffer layer to overlap the light blocking layer, and
the first electrode and the light blocking layer contact each other through the opening of the buffer layer.

The display device of claim 7, further comprising:

a second semiconductor layer disposed in a same layer as the first semiconductor layer, wherein the second
semiconductor layer includes a channel region and a doped region; and

a first connection electrode disposed in a same layer as the first electrode,

wherein the first connection electrode contacts the first gate electrode and the doped region of the second
semiconductor layer, and connects the first gate electrode and the second semiconductor layer to each other.

The display device of claim 8, further comprising:

a data line disposed in a same layer as the light blocking layer; and

a second connection electrode disposed in a same layer as the first electrode,

wherein the second connection electrode contacts the data line and the doped region of the second semicon-
ductor layer, and connects the data line and the second semiconductor layer to each other.

The display device of any preceding claim, wherein
a threshold voltage of the first semiconductor layer is in a range of about -1.0 V to about 1.0 V.

The display device of any preceding claim, further comprising:

a data line disposed between the substrate and the second semiconductor layer;

a buffer layer disposed between the data line and the second semiconductor layer; and

a second connection electrode disposed in a same layer as the first electrode,

wherein the second connection electrode contacts the data line and the doped region of the second semicon-
ductor layer, and connects the data line and the second semiconductor layer to each other.

A manufacturing method of a display device according to any preceding claim, the manufacturing method comprising:

providing a first semiconductor layer and a second semiconductor layer on a substrate;

providing a gate insulating film and a gate electrode on the first semiconductor layer and the second semicon-
ductor layer, respectively;

depositing an intermediate film and an insulating film over the first semiconductor layer, the second semicon-
ductor layer, the gate insulating film and the gate electrode, and then etching the intermediate film and the
insulating film to form an opening overlapping the first semiconductor layer and the second semiconductor layer,
respectively;

plasma-treating the opening; and

providing a first electrode on the insulating film,

wherein the first electrode contacts the first semiconductor layer through the opening, and

an area of a cross-section of the opening parallel to the substrate is in a range of about 49 umZ2 to about 81 pm?2.

The manufacturing method of claim 12, wherein
the plasma-treating the opening includes performing the plasma-treating for 30 seconds to 90 seconds with a power
in a range of 1.5 kW to 2.5 kW.

The manufacturing method of claim 12 or claim 13, further comprising:

providing a first connection electrode on the insulating film during a same process as the first electrode,
wherein the first connection electrode contacts the gate electrode overlapping the first semiconductor layer and
the second semiconductor layer, respectively, and

the first connection electrode connects the gate electrode and the second semiconductor layer to each other.

The manufacturing method of any of claims 12 to 14, further comprising,

providing a light blocking layer and a data line on the substrate before the providing the first semiconductor layer
and the second semiconductor layer on the substrate;
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providing a buffer layer over the light blocking layer and the data line before the providing the first semiconductor
layer and the second semiconductor layer on the substrate; and

providing a second connection electrode on the insulating film during a same process as the first electrode,
wherein the second connection electrode contacts the data line and the second semiconductor layer, respectively,
and connects the data line and the second semiconductor layer to each other.

13
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